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Background: Performing experimental studies has played an important role in acquiring 
knowledge about esophageal carcinogenesis. In this context, the choice of a more reliable 
experimental model requires proof of its effectiveness in order to lend greater credibility to 
the results. The objective of this study was to evaluate the patency of duodenal-esophageal 
anastomosis during long-term postoperative follow-up in rats.
Methods: This was an experimental study in which 45 female Wistar rats were used. A side-
to-side anastomosis was performed, going from the anterior side of the esophagus to the second 
duodenal portion. A standardized radiological technique was used to carry out a contrasted 
radiological study of the esophagus, stomach, and duodenum during weeks 4, 12, 20, and 30 
after surgery. Different contrast media were used, and the animals were divided into groups, 
ie, group 1 (100% barium sulfate), group 2 (50% barium sulfate), and group 3 (60% aqueous 
iodinated contrast media). Contrast radiographs were taken in each group at weeks 4, 12, 20, 
and 30 after the surgical procedure. The radiographic images were evaluated by two radiologists 
who were blinded regarding the contrast groups. Macroscopic evaluation of each animal was 
compared with the radiological findings.
Results: Postoperative mortality was 13.33%. The remaining animals were divided into study 
groups. All the contrast radiological examinations showed evidence of the location of the 
esophagus, stomach, and proximal portion of the intestine, and demonstrated the laterolateral 
relationship of the distal esophagus and the duodenum in the epigastric region. Patency of the 
anastomosis was observed at each examination period. The different contrast media used were 
able to demonstrate this outcome shortly after the first phase of injection. Necropsies corroborated 
the radiological findings.
Conclusion: Regardless of the contrast agent used, contrasted radiography revealed that 
side-to-side duodenal-esophageal anastomosis in rats allowed patent communication during 
long-term postoperative follow-up.
Keywords: gastroesophageal reflux, esophagus, adenocarcinoma, experimental neoplasm
Introduction
Gastroesophageal reflux disease is a pathology that has attracted considerable interest, 
due to its prevalence and to the related clinical and surgical complications. Barrett’s 
esophagus is an acquired disease, often associated with the presence of chronic reflux.1–4 
Despite other complications, this pathological condition may lead to metaplasia of the 
esophageal mucosa and is considered a precursor of adenocarcinoma.5,6Clinical and Experimental Gastroenterology 2011:4 submit your manuscript | www.dovepress.com
Dovepress 
Dovepress
198
Bigolin et al
Recently, evidence of duodenal contents in the   esophagus 
has been a determining factor in the development of a more 
complex subject associated with duodenal-gastroesophageal 
reflux (DGER), and it has thus been suggested that the 
term duodenal-gastroesophageal reflux disease is the most 
appropriate. The reverse pathway taken by these   secretions 
implies failure of the lower esophageal sphincter and 
  esophageal clearance. Increased pH values (over 7.0) are 
  considered the causal factor behind several complications 
affecting the distal portion of the esophagus. Moreover, 
  studies suggest that the presence of biliary salts and 
pancreatic juices may worsen the lesion.7–11
Experimental studies have been designed to evaluate the 
true role of duodenal reflux using surgical models to induce 
alkaline reflux in rats.12–15 The results of these studies have 
a potential role in directly influencing the future of DGER 
treatment. However, the effectiveness of the surgical model 
has never been satisfactorily established. When surgical 
effectiveness was evaluated, it was determined by necropsy 
after a period of exposure. This may be considered to be a 
confusing factor in interpreting the results obtained and thus 
lessen their importance.
Contrast radiographs of the upper gastrointestinal tract 
in Wistar rats were first described by Grossi et al.15 These 
authors showed evidence of normal anatomical parameters in 
this line of rodents and thus made it possible for there to be 
a comparison regarding the findings of possible anatomical 
variables. Using an upper gastrointestinal radiological series, 
this study aimed to evaluate an alkaline reflux model in rats 
by demonstrating the patency of a pathway that was surgically 
induced in rats by duodenal-esophageal anastomosis over a 
long postoperative period.
Materials and methods
This study was conducted using an initial sample of 45 female 
Wistar rats (Rattus norvegicus) aged 56 days. The weight 
of the rats was 174–235 g. All animals were kept in cages 
containing five animals each, in a controlled temperature 
environment (22°C–24°C) under 12-hour dark:light cycles 
and with fresh air continuously pumped in. Water and feed 
were offered ad libitum. Feed and water were replaced twice 
a week, and cages were cleaned at the same interval. The 
animals were kept under these conditions until the end of the 
experiment. This study was performed by the Experimental 
Surgery Research Group at the Lutheran   University of 
  Brazil and was approved by the university ethics in research 
committee.
surgical procedures
All the animals used in the present study underwent   surgical 
duodenal-esophageal anastomosis. Feeding was suspended 
8 hours before surgery, but free access to water was 
maintained. Anesthesia was achieved using a   mixture of 
20 mg of 2% xylazine and 50 mg of ketamine as intramuscular 
injections (0.1 mL/100 g body weight). The rats, which were 
deeply anesthetized by that time, were then positioned on 
the surgical table. The surgical section site was cleansed 
using iodine solution, and an abdominal trichotomy made. 
Sterilized sites were prepared and a median laparotomy with 
an incision 2–3 cm long was started. After gaining access 
to the abdominal cavity, the stomach was retracted and the 
first duodenal portion was identified. The abdominal segment 
of the esophagus was located by downward retraction of the 
larger curvature of the stomach. A size 4 French orogastric 
catheter was placed in the stomach until visualized, and 
remained in the gastric cardia throughout the experiment to 
avoid stenosis of the anastomosis.
In the next step, a transversal incision was performed in 
the duodenum 1.5 cm from the pyloric constriction. Another 
incision, this time a longitudinal one of the same size, was 
made at the anterior site of the terminal esophagus, 1 cm 
above the esophagogastric junction. The incisions were 
1 cm in length, and this parameter was observed for all 
procedures. The upper and lower edges of each incision were 
repaired with Polypropylene 7-0 stitches, making it easier 
to bring the structures together. The same surgical thread 
was used to finalize the laterolateral duodenal-esophageal 
anastomosis. A running suture was performed joining the 
anterior and posterior edges of each incision (Figure 1). 
Suture of the median line was performed using Polypropylene 
6-0, and suture of the skin was done with Mononylon 5-0. 
After the surgical procedure was completed, the rats were 
rewarmed and placed in individual cages for the first 24 hours 
postoperatively. No water was offered for 6 hours, and their 
normal diet was resumed 24 hours after the surgery.
Figure 1 Laterolateral duodenal-esophageal anastomosis.Clinical and Experimental Gastroenterology 2011:4 submit your manuscript | www.dovepress.com
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radiological investigation
At weeks 4, 12, 20, and 30 after surgery, contrast radio-
graphs of the upper gastrointestinal series were conducted to 
  confirm surgical efficacy. Only one rat, which was selected 
at   random from each group, was evaluated during the first 
three radiological examinations at weeks 4, 12, and 20. At the 
end of the study, considered to be postoperative week 30, 
all remaining rats were evaluated. The animals were placed 
in dorsal recumbency at a 45 degree angle to the horizontal 
plane of the radiological table. A size 4 French orogastric 
catheter was then inserted (Figure 2) and the position of the 
catheter was confirmed by radiograph to be in the antero-
posterior direction.
In the next step, the contrast medium was injected in three 
phases, observing the contrast regimen for each group. The 
volume of each injection was 0.3 mL, 0.6 mL, and 0.3 mL for 
the first, second, and third phases, respectively. A 5-minute 
interval was observed between each contrast injection, and 
immediately after each injection a radiograph was made in 
the anterior–posterior direction. This procedure included 
the possibility that when it was not possible to visualize the 
distal duodenum in the evaluation of the third radiograph, a 
fourth injection of 0.4 mL of contrast medium would have to 
be applied. When visualization of the distal duodenum was 
satisfactory, the rat was placed in the right lateral   decubitus 
position to conduct the profile X-ray. The radiological 
parameters, which refer to the spectrum of radiation waves 
and the films used, were based on the initial description of the 
technique developed by Grossi et al.15 The study sample was 
randomly divided into three groups that differed regarding the 
medium contrast used in the radiological study, ie, group 1 
(100% barium sulfate, Bariogel, São Paulo, Brazil), group 2 
(50% barium sulfate, with contrast medium diluted in 0.9% 
saline solution), and group 3 (meglumine diatrozate, ie, 60% 
aqueous iodinated contrast medium).
The examinations were evaluated by two experienced 
radiologists who were blinded regarding the contrast groups 
and presented reports of each examination with the aim of 
showing evidence of passage of the contrast medium through 
the duodenal-esophageal anastomosis. They also assessed 
which group showed the best quality regarding the images 
obtained.
Macroscopic evaluation
At the end of the radiological investigation, the animals were 
sacrificed by intracardiac injection of 10% potassium chloride 
whilst still deeply anesthetized. In the next step, necropsy was 
performed via a mentopubic incision. The structures were 
handled carefully, keeping the anatomical configuration.
The entire segment of the digestive tract stretching from 
the cervical esophagus to the proximal portion of the jejunum 
was removed for investigation. A size 4 French catheter 
was introduced to establish patent communication between 
the esophagus and stomach (physiological) and duodenum 
(surgically induced). The necropsy findings were compared 
with those of contrast radiography.
Results
The mortality rate observed was 13.33% (n = 6), and only 
immediately after surgery. The remaining 39 animals were 
randomly divided into the study groups. Group 1 comprised 
15 animals and groups 2 and 3 comprised 12 animals each.
radiological investigation
Contrast radiographs were conducted in all rats, and no com-
plications were recorded. All animals remained alive under 
deep anesthesia and without complications throughout the 
radiological investigation. The anatomical pattern found in 
most cases defined the location of the stomach, taking in the 
epigastric, mesogastric, and left hypochondrial regions. The 
duodenum was located in the epigastric region, the right hypo-
chondrium, the right flank, and the mesogastric region. The 
esophagus was located in the epigastric region. Evaluation 
of the radiographs showed evidence of a patent anastomosis 
shortly after the first phase of injecting the contrast medium, 
whereas in all the groups the medium used filled the distal 
Figure 2 Position of rats on the radiological table. A size 4 French orogastric tube 
is inserted and filled with barium contrast.Clinical and Experimental Gastroenterology 2011:4 submit your manuscript | www.dovepress.com
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esophagus up to the proximal portion of the duodenum 
(Figure 3). The flow of the contrast medium through the 
anastomosis was located mainly in the epigastric region, right 
above the esophagogastric junction. The gastric cavity could 
only be visualized in subsequent examinations.
The best image quality regarding intensity of the organ 
contrasted by totally filling with light, was observed in the 
group 1 animals. Group 3 was defined as the second option, 
according to the examiners’ judgment. Nevertheless, in terms 
of filling the gastric cavity, in group 1 it was satisfactorily con-
trasted only after the third contrast volume was injected, while 
in group 3 this level of contrast was achieved in all the animals 
only with the second contrast volume. In group 2, the contrast 
did not satisfactorily fill the gastric cavity, and reached the 
most distal portions of the small intestine in comparison with 
the other groups. The difference between the groups after the 
second contrast injection is shown in Figure 4.
Profile radiography allowed confirmation of the patency 
of the anastomosis except for five cases, of which three were 
in group 3 and two were in group 2. In these, the course of 
flow between the esophagus and the duodenum could not be 
located due to overlapping of the intestinal loops along with 
the lesser intensity of the image. Patency was demonstrated 
in all group 1 animals (Figure 5).
necropsy
During investigation of the abdominal cavity, it was   possible 
to observe formation of considerable adhesions at the 
anastomostic site. In all animals evaluated, the hepatic lobe 
adhered to the anterior portion of the abdominal esophagus. 
After complete removal of the adhesions, it was observed 
that the proximal portion of the duodenum remained aligned 
with the distal third of the esophagus.
The larger omentum was involved in all cases. The patency 
of the anastomosis was confirmed by passing a size 4 French 
catheter from the esophagus to the duodenum. With the excep-
tion of two animals, the catheter passed by the anastomosis 
with only slight handling of the   tissues. In the other two cases, 
more difficulty in passing the   catheter was encountered and 
more vigorous handling was necessary to allow passage of the 
catheter. Macroscopic examination demonstrated that there 
was patency of the anastomosis through the anterior opening 
of the organs. No anomalies suggesting a macroscopic lesion 
were observed at necropsy.
Discussion
Experimental models have been used to provide a better 
understanding of the mechanisms involved in carcinogenesis 
of the esophagus. Recent research has confirmed that reflux of 
the duodenal contents plays an important role in induction of 
esophageal cancer with or without exposure to a carcinogenic 
agent.16–19 Thus, this study was designed to assess the   efficacy 
of surgical induction of reflux by duodenal-esophageal 
anastomosis in rats.
The surgical technique utilized by Melo et al in an 
experimental model to induce DGER was used successfully, 
producing significant results in the development of esophageal 
neoplasia without the use of a carcinogenic agent.12 In that 
study, only animals exposed to reflux of duodenal contents 
actually developed carcinoma. On the other hand, in the 
experimental model used by Wetscher et al, gastrojejunal 
anastomosis associated with esophageal cardiomyotomy led 
only to gastric carcinoma, without evidence of neoplastic 
lesions in the esophagus.14 The reason for these results might 
be related to stenosis of the esophageal cardiomyotomy, which 
Figure 3 Patency of duodenal-esophageal anastomosis after injection of the first 
contrast volume (barium 100%). Evaluation at week 30.Clinical and Experimental Gastroenterology 2011:4 submit your manuscript | www.dovepress.com
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may have prevented reflux in the esophageal mucosa. Never-
theless, this hypothesis has not been proven, and the evalua-
tion was performed after the exposure period and only with 
the aim of evaluating histological changes in the esophageal 
mucosa, and not the patency of the anastomosis in the area 
in which myotomy was performed.
Gaia Filho et al proposed use of retrograde contrast injec-
tion to confirm DGER after cardiomyotomy.20 Their results 
indicated that contrast medium was present in the esophagus 
in a considerable number of animals, but only in the group 
treated by total myotomy. These results showed evidence of 
an important index of error in surgical induction of DGER, 
and the radiological test was shown to be positive in 10% of 
the control cases. Furthermore, the radiological evaluation 
was intended to demonstrate the surgical effectiveness on 
postoperative day 30. Most studies assessing carcinogenesis in 
the esophagus have used longer periods of exposure to reflux, 
which may worsen the index of corroboration of reflux induc-
tion using this surgical method.12–14 In the studies evaluated, 
DGER seems to require a period of variable exposure to 
generate histological changes in the esophageal mucosa. Pera 
et al demonstrated that the presence of esophageal carcinoma 
is detectable as early as 20 weeks.13 The series of radiological 
studies used in this research confirmed esophageal exposure 
to duodenal contents over a long postoperative period, sug-
gesting that it is a suitable technique for studying the chronic 
effects of reflux on the esophageal mucosa.
Normal parameters of the radiological anatomy in rats, 
which has previously been described in the literature, make 
it possible to compare and find evidence of any structural 
alteration. Upon studying the initial description of the tech-
nique, which was developed by Grossi et al,15 the authors of 
the present paper chose to use 100% barium sulfate as the 
contrast medium. This contrast medium is the one that is 
most commonly used for evaluating the gastrointestinal tract 
in humans.21–23 This study also evaluated two groups with 
less viscous contrast media. Due to its low viscosity, aque-
ous iodinated contrast medium (group 3) is an alternative to 
barium sulfate, albeit with precise indications. This contrast 
medium is used intravascularly for performing angiographic 
investigations. Studies performed in humans have demon-
strated that iodinated contrast media are useful, especially in 
cases of larynx perforation.24 Nevertheless, other studies have 
shown better results with barium sulfate than with iodinated 
contrast media for esophageal fistulae.25,26
In this study, the three contrast media used enabled iden-
tification of patency of the duodenal-esophageal anastomosis 
during defined exposure periods. Barium sulfate 100% showed 
Group 1G roup 2G roup 3
Figure 4 Comparison of animals of the three groups studied after the injection of the second contrast volume. Evaluation at week 30.
Figure 5 Profile X-ray of one animal of group 1 at week 30.Clinical and Experimental Gastroenterology
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greater efficiency in the generation of images, as judged by 
the radiologists. The gastric cavity was filled more easily in 
group 3 animals (iodinated contrast), although the present 
study did not aim primarily to assess the gastric cavity. It is 
possible that the difficulty observed in filling the stomach 
with contrast medium was due to the patency of the duodenal-
esophageal pathway, which offers less resistant passage of 
contrast when compared with the resistance imposed by the 
lower esophageal sphincter. Therefore, when a study aims to 
detect duodenal-esophageal anastomosis patency, less contrast 
volume may be required to generate images of good diagnostic 
value. Furthermore, the use of less viscous contrast media 
may be useful to perform the evaluation and keep the animal 
alive without a high degree of impairment in gastrointestinal 
  functioning. Such management can avoid the need for subse-
quent radiological evaluation during the follow-up period.
The results of the present study enable the conclusion that 
a side-to-side duodenal-esophageal anastomosis is patent in 
all the examinations conducted using contrast radiographs in 
the upper gastrointestinal series over a postoperative period of 
4–30 weeks in rats. All contrasts used confirmed these outcomes. 
The choice of contrast agents tested should be made according 
to the properties of each one and the aim of the study.
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